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Abstract
Lesions of the medial frontal micturition center can result in the activation of the pontine and spinal micturition centers when the
bladder is full, causing urinary incontinence. Recognition of acute bladder incontinence as part of a cortical hemispheric stroke
syndrome may reduce the likelihood of false localization to the spinal cord in patients with acute ischemic stroke eligible for acute
reperfusion therapy. We describe a case of urinary incontinence due to anterior cerebral artery infarction and discuss the
cortical localization of voluntary bladder control to the anterior cingulate gyrus, inferior frontal gyrus, middle frontal gyrus, and
superior frontal gyrus.
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Introduction

Anterior cerebral artery distribution ischemic stroke is esti-

mated to account for approximately 1% to 2% of all strokes.

Bladder incontinence, particularly in combination with leg

weakness, often localizes to the spinal cord or cauda equina.

Recognition of bladder incontinence as part of the anterior

cerebral artery syndrome may expedite the treatment of

patients with acute ischemic stroke eligible for reperfusion

therapy and reduce the likelihood of false localization to the

spinal cord or cauda equina. The purpose of this report is to

describe a case of anterior cerebral artery infarction with acute

loss of bladder continence and to review the cortical localiza-

tion of voluntary bladder control to the anterior cingulate

gyrus, inferior frontal gyrus, middle frontal gyrus, and super-

ior frontal gyrus.

Case Description

A 65-year-old man with a history of atrial fibrillation,

hypertension, hyperlipidemia, and glucose intolerance

presented to the emergency department after developing the sud-

den onset of right leg weakness and numbness with urinary incon-

tinence. He also reportedly had mild right arm weakness and

numbness that resolved prior to arrival to the emergency room.

He denied loss of consciousness, involuntary movements, or

headache. He was not treated with oral anticoagulants. The gen-

eral physical examination was remarkable for a blood pressure of

161/110 and an irregularly irregular cardiac rhythm suggestive of

atrial fibrillation. The neurologic examination was remarkable

for drift in the right lower extremity. There was no facial asymme-

try, arm weakness, dysarthria, or visual field deficit. The sensory,

coordination, and language examinations were normal. The

National Institutes of Health Stroke scale score was 1. The noncon-

trast head computed tomography (CT) demonstrated no hemor-

rhage or other acute intracranial abnormality. Multimodal CT

with angiography demonstrated a filling defect at the A1 segment

of the left anterior cerebral artery, suggestive of intraluminal throm-

bus. There were no contraindications to intravenous recombinant

tissue-plasminogen activator (rt-pa), and the patient received 0.9

mg/kg alteplase 1 hour and 46 minutes after symptom onset.

Follow-up brain magnetic resonance imaging (MRI) demon-

strated multiple tiny infarctions in both hemispheres, suggestive

of a proximal source of embolism (Figure 1A). Most notably,

there was an infarction of the left internal frontal hemispheric con-

vexity, corresponding to the frontal micturition area of the soma-

tosensory homunculus (Figure 1B).

Discussion

This case illustrates the localization of the frontal micturition

center. Lesions of the bilateral medial frontal micturition

center can result in the activation of pontine and spinal
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micturition centers when the bladder is full, causing urinary

incontinence (Figure 2). In normal adults, bladder fullness is

sensed and micturition is initiated by medial frontal micturi-

tion centers that activate the detrusor reflex, which is mediated

by spinal cord circuits regulated by the pontine micturition

center.3 Relaxation of the external urethral sphincter, which

is voluntary, leads to inhibition of sympathetics at the bladder

neck and activation of parasympathetics, causing detrusor

muscle contraction. The flow of urine continues sphincter

relaxation and detrusor contraction. When the urine flow

stops, the sphincter contracts and the detrusor relaxes.1

In a review of the literature, multiple areas of the brain are

involved in micturition. Positron emission tomography (PET)

scans showed significant activity in the right inferior frontal

gyrus and the right anterior cingulate gyrus during voiding.4

The intended action to urinate was localized to the right infer-

ior frontal gyrus and right anterior cingulate gyrus.4 This has

also been supported by others.5 Cortical activation within the mid-

cingulate cortex and the bilateral frontal lobe has also been noted.6

In addition, there is increased activity with decreased urge to void

at the cingulate cortex and premotor cortex.6 Others have found

multiple other areas of activation during voiding.7,8 There are

reports of transient incontinence associated with damage to the

superior prefrontal region. There is more of a correlation of urin-

ary disturbance and hemiparesis with a more anterior brain lesion,

as seen in our case.9 Patients having anterior cortical lesion with

bladder disruption have various etiologies as in anterior cerebral

artery aneurysms, tumors, or stroke in the mesial frontal lobes.

Conclusion

This case report highlights bladder incontinence as an uncom-

mon manifestation of acute ischemic stroke and describes the

neuroanatomical substrate of bladder control. Increased

Figure 1. Magnetic resosnce imaging (MRI) without contrast of the brain. Diffusion-weighted image axial demonstrating a hyperintensity in the left
central gyrus (A and B). Corresponding sagittal T1with enlargement of the paracentral lobule and overlaying homunculus depicting the leg and
genitals (C and D).
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awareness of the anterior cerebral artery ischemic stroke syn-

drome may increase rt-PA utilization and reduce the likeli-

hood of false localization in such cases.
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Figure 2. Pathway of the bladder from the cortex at the sphincter control and micturition inhibition center to the pontine micturition center,
down the spinal cord to the sympathetics and parasympathetics to its final destination.1,2

Woessner et al 131



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


